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Abstract
Objective—To examine how psychological stress changes over time in young and middle-aged 
patients after experiencing an acute myocardial infarction (AMI) and whether these changes over 
time differ between men and women.
Methods—We analyzed data obtained from 2,358 women and 1,151 men aged 18–55 years 
hospitalized for an AMI. Psychological stress was measured using the 14-item Perceived Stress 
Scale (PSS-14) at initial hospitalization and at 1 and 12 months after AMI. We used linear mixed 
effects models to examine changes in PSS-14 scores over time and sex differences in these 
changes, while adjusting for patient characteristics and accounting for correlation among repeated 
observations within patients.
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Results—Overall, patients’ perceived stress decreased over time, especially during the first 
month after AMI. Women had higher levels of perceived stress than men throughout the 12-month 
period (difference in PSS-14 score = 3.63, 95% confidence interval [CI] = 3.08 to 4.18, p<.001), 
but they did not differ in how stress changed over time. Adjustment for patient characteristics did 
not alter the overall pattern of sex difference in changes of perceived stress over time other than 
attenuating the magnitude of sex difference in PSS-14 score (difference between women and men 
= 1.74, 95% CI: 1.32 to 2.16, p<.001). The magnitude of sex differences in perceived stress was 
similar in patients with versus without post-AMI angina, even though patients with angina 
experienced less improvement in PSS-14 score than those without angina.
Conclusions—In young and middle-aged patients with AMI, women reported higher levels of 
perceived stress than men throughout the first 12 months of recovery. However, women and men 
had a similar pattern in how perceived stress changed over time.
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INTRODUCTION
As a life-threatening and unpredictable condition, acute myocardial infarction (AMI) can 
exert substantial distress on patients both during and after the event (1–4). Lack of control 
and feelings of uncertainty and helplessness are commonly reported in patients after an AMI 
(3, 5). The resulting psychological stress may not only impair patients’ emotional well-
being, but also adversely affect cardiovascular health and post-AMI recovery (6–8). 
Therefore, understanding how perceived stress changes over time as patients recover from 
the event can help guide clinical care to better meet patients’ needs (e.g., when patients need 
most help with stress management, and whether acute or longer term stress programs may be 
more beneficial). However, data on the trajectory of patients’ perceived stress after AMI are 
lacking.
Having an AMI may be particularly burdensome for younger patients. Younger age has been 
associated with higher levels of perceived stress in population-based surveys (9, 10). 
Moreover, because of its unexpectedness at younger ages and disturbance to both work and 
personal life, an AMI may be perceived more negatively in younger patients than older 
patients (3). Literature on posttraumatic stress disorder (PTSD) suggests that both the 
incidence of PTSD and posttraumatic stress symptoms after AMI are higher among younger 
patients than older patients (3, 11). Nonetheless, PTSD only reflects the experience of 
patients enduring more severe psychological impact. We know little about how perceived 
stress in general evolves over time in the younger AMI patient population and research on 
younger patients with AMI has been sparse.
In addition, women tend to report higher levels of perceived stress than men (10). Prior 
research has shown that women experience more intense PTSD symptoms following an AMI 
and have less improvement in symptoms over time, compared with men (3, 12). Even 5 
years after an AMI, women report lower psychological well-being and higher psychological 
distress than men (13). As women and men have different cardiovascular reactions to mental 
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stress (e.g., increased platelet aggregation in women versus more elevated blood pressure in 
men) (14), it is important to understand sex differences in perceived stress after AMI, which 
may shed light on potentially different recovery paths of women and men. Yet such data on 
younger women and men are still lacking, as few studies of sex comparisons have focused 
on younger patients with AMI and prior research often lacked sufficient sample sizes to 
closely examine younger women patients. Younger patients may have very different stress 
profiles than older patients. Thus we do not know whether and how patterns of sex 
difference in perceived stress among younger patients with AMI may differ from the general 
population.
Therefore, the purpose of this study was to characterize perceived stress at 1 and 12 months 
after AMI, relative to baseline, in a large sample of young and middle-aged patients aged 
18–55 years, and to examine differences between women and men in how perceived stress 
changed over time. We also assessed whether patient demographic, health, and psychosocial 
characteristics explained any differences in perceived stress between women and men. The 
findings will enhance our understanding of the longitudinal evolvement of psychological 
stress among young and middle-aged patients after AMI and may inform strategies to better 
tailor care for younger patients, especially young female patients.
METHODS
Data Source and Study Sample
Data for this study came from the Variation in Recovery: Role of Gender on Outcomes of 
Young AMI Patients (VIRGO) project. VIRGO was designed to address an important gap in 
AMI research by providing data on a large prospective sample of younger patients and in 
particular, younger women and therefore oversampled women than men with a 2:1 ratio (15, 
16). Details about VIRGO study design have been reported previously (16). In brief, all 
participants were 18 to 55 years of age (2,397 women and 1,175 men) and had at least 1 
cardiac biomarker above the 99th percentile of the upper reference limit within 24 hours of 
admission, along with evidence of acute myocardial ischemia (including at least 1 of the 
following: symptoms of ischemia, electrocardiogram changes indicative of new ischemia, or 
other evidence of myocardial necrosis) (16, 17). Patients must have presented directly to the 
enrolling institution or have been transferred within the first 24 hours of presentation to 
ensure that primary clinical decision making occurred at the enrolling site. Patients were 
excluded if their elevated cardiac markers were due to a complication of elective coronary 
revascularization, or their AMI was caused by physical trauma. Patients were also ineligible 
if they did not speak either English or Spanish, were unable to provide consent or contact 
information for follow-up, or were prisoners. All eligible women at participating hospitals 
were screened. To minimize potential biased selection of male patients (as there were a 
larger number of men than women eligible for the study), men were screened 
chronologically (i.e., the next male patient admitted to the hospital was screened after every 
two females were enrolled). This chronological order helped maintain the random nature of 
men screened. VIRGO participants were recruited from 103 hospitals in the U.S., 24 in 
Spain and 3 in Australia during August 2008 – January 2012. The Yale Human Investigation 
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Committee and institutional review boards at each institution approved this study, and all 
patients gave informed consent.
Study coordinators conducted baseline interviews during the initial hospitalization for AMI 
(average number of days between admission and baseline interview = 3.2 days). Interview 
data were supplemented by clinical measures from medical record review, physical 
measurements, and analysis of blood specimens. Follow-up interviews were conducted at 1 
month and 12 months after discharge from the initial hospitalization, and were administered 
by the Yale Follow-Up Center in the U.S., a dedicated contract research organization in 
Spain, and site coordinators in Australia. All staff involved in data abstraction and interview 
administration received specific training to ensure consistency in data collection.
Measures
The outcome measure for this study was patients’ self-perceived psychological stress in life. 
It was assessed by the 14-item Perceived Stress Scale (PSS-14), reflecting patients’ appraisal 
about how “unpredictable, uncontrollable, and overloading” their life situation was over the 
past month (18). Example items include, “In the last month, how often have you been upset 
because of something that happened unexpectedly” and, “In the last month, how often have 
you felt that you were unable to control the important things in your life.” Answer options to 
each item included never, almost never, sometimes, fairly often, and very often, taking 
values from 0 to 4, respectively. Positive items were reverse-coded. Responses to all 14 
items were summed to generate the overall PSS-14 score following the scoring method in 
Cohen et al. (18). A higher value reflected a greater level of stress (score range: 0–56, 
Cronbach’s alpha = 0.87). We allowed for missing data on 3 or fewer items and for these 
patients (4.9% of the sample), we imputed the missing items with the average score of the 
non-missing items (19–21). The PSS-14 score was available at baseline, 1 month, and 12 
months after AMI.
Key explanatory variables included sex (female versus male) and time (1-month post-AMI, 
12-months post-AMI, versus baseline). To account for factors that may confound sex 
differences in perceived stress, we also adjusted for other patient characteristics as 
covariates, which were selected based on clinical relevance. These covariates included: 1) 
sociodemographic variables at baseline (age, race, education, marital status, number of 
children living in household, financial status, employment status), 2) number of comorbid 
conditions at baseline (measured as a count of the following conditions that the patient had: 
diabetes mellitus, hypertension, hypercholesterolemia, chronic lung disease, chronic renal 
dysfunction, history of cancer, prior stroke, and prior heart disease), 3) AMI characteristics 
at initial admission (ST-segment-elevation myocardial infarction (STEMI) versus non-
STEMI, cardiogenic shock upon hospital admission, ejection fraction <40%, Global 
Registry of Acute Coronary Events (GRACE) risk score >99 (22), hemodynamic instability 
on arrival (cardiac arrest pre-hospitalization and/or a systolic blood pressure <90 mm Hg), 
presentation to the hospital more than 6 hours after symptom onset, and length of stay 
during the initial hospitalization), 4) angina-related health status (including angina frequency 
and angina-related physical limitation based on the Seattle Angina Questionnaire (SAQ)) 
(23), 5) psychosocial risk factors (including the INTERHEART stressful life events scale 
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(24), low social support determined by the Enhancing Recovery in Coronary Heart Disease 
Patients (ENRICHD) Social Support Inventory (ESSI) (25–27), and depression as evaluated 
by the Patient Health Questionnaire (PHQ-9) (28)), and 6) country of residence (Spain or 
Australia versus U.S.). Because psychosocial risk factors and angina-related health status 
could change substantially over time, we measured them as time-varying variables.
Statistical Analysis
Descriptive statistics of patients’ baseline characteristics were calculated for women and 
men. Sex differences in these characteristics were assessed using chi-square tests for 
categorical variables and student’s t tests for continuous variables.
Using the PSS-14 score as the dependent variable, we performed multivariable regression 
analyses to examine sex differences in stress after AMI and in changes of stress between 
time points. We used linear mixed effects models to account for correlation in repeated 
measures within the same individual over time. We first estimated a model including only 
female sex and time indicators as explanatory variables. Coefficient estimates on female sex 
reflected the difference in perceived stress between women and men (overall across the 3 
time points), while coefficient estimates on the time variables revealed how PSS-14 scores at 
1-month and 12-months post-AMI, respectively, compared with baseline. We tested potential 
interaction effects between female sex and time indicators to determine whether women and 
men differed in how their perceived stress changed over time.
We then estimated a series of models by sequentially adding blocks of patient characteristics 
variables. Coefficient estimates associated with each patient characteristic revealed their 
association with the PSS-14 score (overall across the 3 time points). Reduction in estimated 
sex differences across these models indicates the relative contribution of the additional 
patient characteristics in explaining observed sex differences in perceived stress. Because 
there was evidence for country differences in how the PSS-14 score changed over time, we 
included indicators for country in all models, as well as interaction terms between country 
and time. Potential collinearity among explanatory variables were examined and ruled out by 
assessing Spearman correlation coefficients and the variance inflation factors.
To further elucidate how recurrent cardiac events might alter the trajectory of perceived 
stress post-AMI (29), we performed a sensitivity analysis examining sex difference in 
PSS-14 scores over time among patients with versus without post-AMI angina separately. 
Patients with an SAQ angina frequency score less than 100 at either 1-month or 12-month 
interviews were regarded as having angina post-AMI, while those with a score of 100 at 
both interviews were considered as not having angina post-AMI.
For any given explanatory variable, less than 5% of the sample had missing data. We 
imputed their values using multiple imputation. As 3 interview time points and 3 countries 
were involved in the analysis, we used step-down Bonferroni adjusted p values to account 
for multiple comparisons when conducting pairwise comparison of perceived stress between 
time points or countries. A sensitivity analysis on patients who completed all 3 interviews 
(baseline, 1-month post-AMI, and 12-month post-AMI) with adequate PSS-14 data found no 
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meaningful difference in the main results. P values less than 0.05 were considered 
statistically significant.
Our primary analysis was conducted using PSS-14 to best utilize information on all 14 items 
collected. However, to facilitate comparison of our estimated sex difference in perceived 
stress with published population norm data on psychological stress, which was based on a 
shorter version of the PSS using 10 of the 14 items (10), we also reported descriptive 
estimates of PSS-10 scores (score range: 0–40, Cronbach’s alpha = 0.88). All analyses were 
conducted using SAS 9.3 (SAS Institute Inc., Cary, NC).
RESULTS
Sample Characteristics
Of the 3,572 participants in VIRGO, a small proportion (1.8%) had insufficient data on the 
PSS-14 scale at baseline (i.e., more than 3 missing items) and were excluded from analysis. 
This resulted in a final analytic sample of 3,509 patients (2,358 women and 1,151 men).
Baseline characteristics of these 3,509 patients are presented in Table 1. The mean age was 
47.0 for women (standard deviation (SD) = 6.3) and 46.9 for men (SD = 5.9) (p = 0.53). 
Approximately 30% of the patients were younger than 45 years of age. Compared with their 
male counterparts, women tended to have more risk factors for stress at baseline. On 
average, women had 2.5 ± 1.4 comorbid conditions, as opposed to 2.3 ± 1.2 in men (p<.
001). Women also reported more categories of stressful life events over the past year than 
men (1.7 ± 1.4 versus 1.4 ± 1.3, p<.001) and were more likely to have depression (38.7% 
versus 21.9%, p<.001). In terms of financial status, more than a third of women (36.1%) 
reported that they did not have enough to make ends meet at the end of the month, compared 
with 24.4% of the men (p<.001). However, a higher proportion of men worked extended 
hours (13.9% versus 3.8%), while a larger percentage of women were not working for pay 
(43.6% versus 27.1%) (p<.001).
Women were less likely than men to have STEMI (48.3% versus 59.7%, p<.001) but more 
likely to present later than 6 hours after symptom onset (44.5% versus 36.4%, p<.001). At 
baseline hospitalization, women reported worse angina frequency and angina-related 
physical function compared with men (SAQ score = 82.8 ± 21.4 versus 86.6 ± 17.9, p<.001; 
and 78.6 ± 26.9 versus 87.1 ± 20.6, p<.001; respectively), and they stayed in the hospital 
longer than men (4.8 ± 4.9 days versus 4.3 ± 3.4 days, p<.001).
Sex Differences in Perceived Stress before Adjustment for Patient Characteristics
Women had higher levels of stress than men throughout the first 12 months after the AMI. 
Their observed PSS-14 score decreased from 26.9 ± 9.9 at baseline to 22.7 ± 9.5 at 12-
months post-AMI, while the score declined from 23.4 ± 9.1 to 19.2 ± 8.5 for men over the 
same time period (Figure 1). After accounting for repeated observations over time and 
country effect, women were found to have a PSS-14 score 3.63 points higher than that of 
men (95% confidence interval [CI]: 3.08 to 4.18, p<.001; Model 1 in Table 2).
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Change in perceived stress over time did not differ by sex (p value for interaction effect 
between sex and time indicators = 0.50). Most of the reduction in perceived stress occurred 
during the first month after the AMI. For patients in the U.S., PSS-14 score decreased by 
3.99 points between baseline and 1-month follow-up (95% CI: −4.32 to −3.65, p<.001) and 
by 0.74 points between 1- and 12-month follow-up (95% CI: −1.07 to −0.41, p<.001) 
(Model 1 in Table 2). A similar pattern was observed for Australia, while patients in Spain 
experienced less reduction in perceived stress, as indicated by the significant and positive 
interaction terms between Spain and time indicators (Model 1 in Table 2) (see Figure S1, 
Supplemental Digital Content 1, which depicts change in PSS-14 score over time by 
country).
Sex Differences in Perceived Stress after Adjustment for Patient Characteristics
Table 2 also reports sex differences in perceived stress after sequentially adjusting for 
different patient characteristics (Models 2–4). In general, adjustment for patient 
demographic, health, and psychosocial characteristics did not alter the overall pattern of sex 
differences in how perceived stress changed over time other than attenuating the difference 
in PSS-14 score between women and men (adjusted difference = 1.74, 95% CI: 1.32 to 2.16, 
p<.001, Model 4 in Table 2; also see Table S1, Supplemental Digital Content 1, which 
reports complete results from regression Model 4). A test of interaction effect between 
female sex and time indicators in Model 4 showed that women and men did not differ in 
changes of PSS-14 score over time even after adjusting for patient characteristics (p value 
for the interaction effect = 0.12).
Estimated sex differences in perceived stress attenuated the most after adjustment for patient 
baseline sociodemographic characteristics (Model 2 in Table 2) and time-varying measures 
of angina-related health status and psychosocial risk factors (Model 4 in Table 2). Patients’ 
AMI characteristics at the initial hospitalization had minimal impact on sex differences in 
perceived stress (Model 3 in Table 2).
Sex Differences in Perceived Stress Stratified by Angina Status Post-AMI
Table 3 summarized key results on sex differences in perceived stress before versus after 
fully adjusting for patient characteristics, stratified by angina status post-AMI. In patients 
who experienced angina during the follow-up period, difference in PSS-14 score between 
women and men was 3.31 (95% CI: 2.47 to 4.16, p<.001) in unadjusted analysis, which was 
attenuated to 1.72 (95% CI: 1.08 to 2.36, p<.001) after adjustment for patient characteristics. 
A similar sex difference in PSS-14 scores was observed among patients who did not report 
angina post-AMI (unadjusted difference = 3.20, 95% CI: 2.51 to 3.90, p<.001; adjusted 
difference = 1.80, 95% CI: 1.21 to 2.39, p<.001). The overall reduction in perceived stress 
after AMI was more substantial in patients who did not experience angina post-AMI than 
those who did. After adjustment for other demographic, health, and psychosocial 
characteristics, the PSS-14 score was reduced by 1.88 points at 12 months after AMI in 
patients with angina (95% CI: −2.42 to −1.34, p<.001, p<.001), in comparison to 3.10 points 
for those without angina (95% CI: −3.60 to −2.60, p<.001).
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Perceived Stress Measured in PSS-10
When evaluated using PSS-10, perceived stress decreased from 19.7 ± 8.2 at baseline to 16.6 
± 7.5 at 1-month follow-up and 15.9 ± 7.8 at 12-month follow-up for women (Figure 2). In 
contrast, the score declined from 16.4 ± 7.6 to 13.1 ± 6.8 and 12.9 ± 7.0 for men at these 
interview time points.
DISCUSSION
In young and middle-aged patients, perceived stress generally decreased over time during 
the 12 months after AMI, with most reduction occurring within the first month. Women 
reported higher levels of perceived stress than men throughout the 12-month period after an 
AMI. Adjustment for patients’ demographic, health, and psychosocial characteristics 
partially explained this difference in perceived stress between women and men, but 
significant sex difference remained. The rate of reduction in perceived stress over time did 
not vary by sex.
There has been a lack of longitudinal data on how patients’ perceived stress evolves over 
time after an AMI, especially for younger patients. Such information can guide clinical care 
to help optimize patient outcomes. Psychosocial stress has been shown as an independent 
risk factor for poor cardiovascular outcomes even after adjustment for other factors such as 
anxiety and depression (24, 30). Growing evidence supports that perceived stress influences 
cardiovascular health via physiological as well as behavioral mechanisms (7, 31). Perceived 
stress can directly affect both intrinsic and extrinsic vascular processes (e.g., atherosclerotic 
plaque formation, platelet reactivity) and possibly delay subsequent care-seeking by patients 
after an AMI (7, 8, 32). Perceived stress may also induce negative emotional response such 
as anger and hostility which could adversely affect cardiovascular health (7, 10, 31, 33). 
Greater psychological distress after AMI has been associated with increased risk for 
cardiovascular-related hospital readmissions (4). Recent research also linked higher levels of 
perceived stress at the time of AMI to worse recovery in quality of life and mental health in 
young and middle-aged patients (34). Therefore, it is important to understand patients’ status 
of psychological stress after AMI and how it changes over time. In this regard, our analyses 
showed that patients’ perceived stress reduced rapidly during the first month after AMI and 
stabilized afterwards as they recover from the event. Heightened stress management during 
the immediate post-AMI period maybe particularly beneficial.
The 2009 U.S. population normative data on PSS-10 score reported a mean of 16.1 for 
women (SD = 7.6) and 15.5 for men (SD = 7.4) (10). A 2006 study evaluating psychometric 
properties of the PSS-10 scale in a heterogeneous sample of adults without AMI in Spain 
reported a mean score of 18.9 for women (SD = 6.7) and 16.4 for men (SD = 6.4) (35). 
Therefore, our estimated PSS-10 scores suggest that patients in our sample tend to have 
higher than population average stress around the time of AMI, which then reduced to a level 
below population average at 12 months after the AMI. Although exact reasons for the below-
population-average stress at 12-month follow-up warrant further investigation, this finding is 
consistent with theories of disability paradox (ill patients report good quality of life despite 
physical limitations) and response shift (patients may adjust their life priorities after 
experiencing an AMI) (36–38).
Xu et al. Page 8





















Importantly, our observed difference between women and men in PSS-10 scores reflects 
nearly half of a standard deviation of the population norm, suggesting a medium effect size 
of sex (39). This magnitude was larger than the sex difference in the general population. Part 
of the difference in perceived stress between women and men with AMI in our sample was 
due to their differences in demographic, health, and psychosocial characteristics, as our 
regression analyses suggest that adjustment of these factors reduced sex differences in 
perceived stress. Nonetheless, women continued to have higher perceived stress after 
adjusting for these characteristics.
The higher levels of perceived stress in women after an AMI can place them at increased 
risk for subsequent cardiac events compared with men (7). In addition, recent work by 
Vaccarino et al. showed a higher proportion of young female AMI survivors (50 years of age 
or younger) experiencing myocardial ischemia in response to a standardized mental stress 
task than similarly aged men, suggesting that women may be more prone to mental stress-
induced myocardial ischemia (40). Together, higher levels of perceived stress and greater 
susceptibility to the adverse impact of stress in younger women may result in a worse 
recovery compared with that of younger men (41). Xu and colleagues (34) showed that 
adjustment for perceived stress at the time of AMI partially reduced sex differences in 
physical and mental health recovery at 1-month post-AMI in young and middle-aged 
patients. Further research on the role of post-AMI stress in influencing recovery would 
provide additional insights, and more studies on the pathophysiological mechanisms of the 
sex-stress-recovery relationship would inform strategies to reduce sex differences in 
outcomes. Moreover, stress management programs in clinical care should pay particular 
attention to younger female patients.
Finally, we observed a distinct pattern of changes in perceived stress among patients in 
Spain, whose stress level remained relatively stable over time. This is similar to findings 
from an earlier study in Spain that reported largely unchanged mental health status at 3 
months after AMI or unstable angina despite substantial improvement in physical health 
(42). The exact reason for this distinct pattern is unknown, as cross-country comparisons of 
patients’ psychosocial status after AMI are rare. Contextual differences across countries in 
social welfare programs, sick leave benefits, and work environments (e.g., work hours and 
labor demand) may influence patients’ experience after AMI. Future studies investigating 
how country contextual characteristics and sociocultural factors may affect patients’ 
recovery would be informative. Moreover, our study focused on patients’ trajectory of 
perceived stress after AMI as we lacked data on their perceived stress prior to AMI. This 
precluded us from comparing patients’ perceived stress before versus after the AMI event. 
Additional research with detailed information on levels of perceived stress pre-AMI and 
longer-term follow-ups would allow for a more comprehensive understanding of the impact 
of an AMI on perceived stress.
We recognize several limitations of this study. First, our data were based on voluntary 
participants in VIRGO and may not represent all young and middle-aged patients with AMI 
in the 3 countries. However, comparison of clinical characteristics between patients in our 
sample and those reported in other studies of young and middle-aged adults hospitalized for 
AMI in the U.S. and Spain, such as the proportion with STEMI and prior AMI, suggest that 
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they are largely comparable (43–46). Despite our relatively small sample size for Australia, 
the findings still provide informative data for understanding Australian patients’ experience 
with psychological stress after AMI. Second, some patients missed 1 or more follow-up 
interviews or did not have sufficient PSS-14 data at all interviews. Of the 3,509 patients in 
our sample, 92.4% completed at least 2 interviews with adequate PSS-14 data and 75.9% 
completed all 3 interviews with sufficient PSS-14 data (see Table S2, Supplemental Digital 
Content 1, which compares baseline characteristics of patients who completed all 3 
interviews versus those who did not). Patients who did not have complete data at all 3 
interviews were slightly younger and had worse financial and health status at baseline 
compared with patients who had complete data at all interviews. Thus, we may 
underestimate patients’ perceived stress during the recovery period. However, given our 
observation that most changes in perceived stress occurred during the first month after AMI 
and that 92% of our sample completed the 1-month interview, the impact of patients’ loss to 
follow-up on our key findings should be minimal. Third, self-perceived stress is a subjective 
measure and may be susceptible to bias in patient reporting. However, previous research of 
the PSS instrument demonstrated no meaningful differential item functioning by sex (47). 
Hence the measure should perform reasonably well in capturing sex difference in perceived 
stress. Future studies using other methods for assessing stress (e.g., measuring cortisol levels 
for biological stress) or assessing specific, rather than global, perceived stress (e.g., 
occupational stress, family stress) could provide additional insights.
To summarize, focusing on a unique sample of young and middle-aged patients with AMI, 
we delineated how patients’ perceived stress changed over time during the first 12 months of 
recovery. Perceived stress lessened over time for both women and men with most of the 
decrease occurring during the first month after AMI. However, women persistently 
experienced higher levels of perceived stress throughout the 12 months compared with their 
male counterparts, and this difference remained significant after adjustment for patients’ 
demographic, health, and psychosocial characteristics. Psychological stress may play an 
important role in explaining sex differences in cardiovascular health progression after an 
AMI and warrants close attention in future research. Clinical care for AMI should address 
how best to alleviate patients’ perceived stress and the potential impact of these strategies on 
recovery from AMI.
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ACRONYMS USED IN TEXT
AMI acute myocardial infarction
ENRICHD ESSI Enhancing Recovery in Coronary Heart Disease Patients 
Social Support Inventory
GRACE Global Registry of Acute Coronary Events
PHQ Patient Health Questionnaire
PSS Perceived Stress Scale
PTSD posttraumatic stress disorder
SAQ Seattle Angina Questionnaire
SD standard deviation
STEMI ST-segment-elevation myocardial infarction
VIRGO Variation in Recovery: Role of Gender on Outcomes of 
Young AMI Patients
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Observed perceived stress scale (PSS)-14 score over time, by sex.
PSS-14 score range: 0–56 (higher score indicates greater stress). The top and bottom error 
bars reflect one standard deviation above and below the corresponding mean PSS-14 score, 
respectively.
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Observed perceived stress scale (PSS)-10 score over time, by sex.
PSS-10 score range: 0–40 (higher score indicates greater stress). The top and bottom error 
bars reflect one standard deviation above and below the corresponding mean PSS-10 score, 
respectively.
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Table 1
Baseline sample characteristics.
Sample Characteristics Men (N=1,151) Women (N=2,358) P value
Age .056
 18–34 41 (3.6%) 119 (5.0%)
 35–44 308 (26.8%) 572 (24.3%)
 45–55 802 (69.7%) 1667 (70.7%)
Race <.001
 White 964 (83.9%) 1802 (76.6%)
 Black 108 (9.4%) 422 (17.9%)
 Other 77 (6.7%) 130 (5.5%)
Education .075
 Less than high school 46 (4.1%) 137 (5.9%)
 High school 479 (42.6%) 951 (41.0%)
 More than high school 600 (53.3%) 1233 (53.1%)
Marital status <.001
 Married/living with a partner as if married 738 (64.5%) 1300 (55.3%)
 Not married 406 (35.5%) 1052 (44.7%)
Number of children living in household .019
 0 553 (48.4%) 1031 (43.9%)
 1–2 472 (41.3%) 1088 (46.3%)
 ≥ 3 118 (10.3%) 230 (9.8%)
Finances at the end of the month <.001
 Some money left over 435 (38.2%) 618 (26.4%)
 Just enough to make ends meet 427 (37.5%) 877 (37.5%)
 Not enough to make ends meet 278 (24.4%) 843 (36.1%)
Employment status <.001
 Not working for pay 300 (27.1%) 1016 (43.6%)
 Working part time (<35 hours) 102 (9.2%) 362 (15.5%)
 Working full time (35–55 hours) 553 (49.9%) 861 (37.0%)
 Working full time with extended hours (>55 hours) 154 (13.9%) 89 (3.8%)
Number of comorbid conditions, mean ± SD 2.3 ± 1.2 2.5 ± 1.4 <.001
SAQ angina frequency, mean ± SD 86.6 ± 17.9 82.8 ± 21.4 <.001
SAQ angina-related physical limitation, mean ± SD 87.1 ± 20.6 78.6 ± 26.9 <.001
INTERHEART stressful life events scale, mean ± SD 1.4 ± 1.3 1.7 ± 1.4 <.001
Low social support (based on ESSI) 239 (21.0%) 497 (21.4%) 0.79
Depression (based on PHQ) 245 (21.9%) 880 (38.7%) <.001
AMI severity
 STEMI 687 (59.7%) 1138 (48.3%) <.001
 Cardiogenic shock upon hospital admission 5 (0.5%) 16 (0.7%) .38
 Ejection fraction <40% 124 (11.1%) 239 (10.5%) .60
 GRACE risk score >99 88 (7.8%) 200 (8.7%) .35
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Sample Characteristics Men (N=1,151) Women (N=2,358) P value
 Hemodynamic instability 92 (8.0%) 209 (8.9%) .39
 Present >6 hours after symptom onset 418 (36.4%) 1047 (44.5%) <.001
 Length of hospital stay, in days, mean ± SD 4.3 ± 3.4 4.8 ± 4.9 <.001
Country .84
 United States 956 (83.1%) 1972 (83.6%)
 Spain 173 (15.0%) 338 (14.3%)
 Australia 22 (1.9%) 48 (2.0%)
PSS-14 score 23.4 ± 9.1 26.9 ± 9.9 <.001
PSS-10 score 16.4 ± 7.6 19.7 ± 8.2 <.001
Differences in characteristics between women and men were assessed using chi-square tests for categorical variables and student’s t tests for 
continuous variables.
AMI = acute myocardial infarction; ESSI = Enhancing Recovery in Coronary Heart Disease Patients (ENRICHD) Social Support Inventory; 
GRACE = Global Registry of Acute Coronary Events; PHQ-9 = Patient Health Questionnaire; PSS-14 = 14 item Perceived Stress Scale; SAQ = 
Seattle Angina Questionnaire; SD = standard deviation; STEMI = ST-segment-elevation myocardial infarction
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